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THE LONG-TERM EFFECTS
OF SOIL CONSERVATION BARRIERS
ON CROP YIELD

ON TROPICAL STEEPLANDS
INTRODUCTION

S ail erosion and Jegradation is a problem common to steeplands throughout the ropics. in 1998,
Jevastation cavsed by hurricanes Mitch and Georges in Central America and the Canbbean renewed the
attention of policy makers to the importance of soil conservation on agricultural lands. especialiv on weep
slopes. Lack of soil conservation structures or protective vegetative cover on large arcas of cropped land
and grazed fallows in the mountains of Honduras, Nicaragua, and Hawi led o loss of valuable topsod and
arable land throughout watersheds, costly destruction and loss of hife along waterwavs amd in the lowlands.
In Haiti, Hurricane Georees widened streambeds and creited new dry streambeds 1in agncultaral fickds.
Observations in farmers” helds in Honduras in the attermath of Humicane Mitch showed that properly
constructed and located rock terraces, contour grass rows, and tree tallows were all effective in prevenung
the landslides thar devastated unprotected lands (T. Thurow, personal communication, 1998). On the
other hand, mulching with crop residues, although effective in reducing surdace runoft Juring nomal
storm events, were totally ineffective at preventing kandshides under extremelv high rnfall. Choice of
appropriate soil conservation practices tor low-resource tarmens on tropical stecplands s thus an mpor-
tant consideration.

Although the primary purpose of soil conservation practices i ayniculture is to reduce boss of sond and
water in runoff, a soil conservation practice must also be assessed with respect to other aspects of the Tarm-
ing system, such as cost, acceptability, and its long-term effect on agncultural production. Sk enoseon
control contributes to increased sustamnability by amresting loss of orzanic matter and nutnents necded for
crop production. However, simply retaining soil from moving may not be sufficient incentone for kowe
resource farmers o tnvest in costly consenvation structures. There must also be bencfits 1o the tarmer @
terms of enhanced and sustained production of crops andfor livestock. In this paper. we consider the long-
term effects on crop yield. In furture papers, this Steepland Project will consider sther factors afecung the
choice of soil conservation practices, such as erosion and rnoft, acceprabiliy o farmen, and ccononue

ASSCSsment.



LONG-TERM EFFECTS OF SOIL CONSERVATION BARRIERS ON CROP YIELD ON A TROPICAL STEEPLAND IN HAITI

Context of the Research

The research described in this report was initiated in Haiti under USAID's Agroforestry 1T Project, in
response to perceived needs expressed by the two organizations conducting extension work in the project,
CARE International and the Pan American Developrent Foundation {PADF). However, the issues and
trends involved are common to tropical steeplands around the world. A background to soil and water con-
servation history with respect to USAID-supported activities in Haiti, and nutrient management issues

provides the context for the research described here.

Soil Conservation Practices in Haiti

A number of soil and water conservarion practices on cropped fand are well cstablished in rural
Haiti. These include contour ridging, rock walls built without mortar {murs secs), rock lines (cordons de
pierre), residuc barriers (rampes pailles), grass rows, and more recently, hedgcrows (rampe vivant or haie vive).
Contour canals, although promoted by some, have not received much artention, nor have they been wide-
ly adopted by farmers. Other practices that may be considered experimental are now finding their place
in farmers’ fields. These include contour alley cropping and hedgerows of perennial crops (bann manje).
Despite the fact that most Haitian farmers are aware of most of these conservation practices and their use
is in evidence around the country, the majority of farmland is not prorected by any of these practices.

Inadequate adoprion of soil conservation practices by farmers has engendered considerable specula-
tion over the vears by both professionals and the public ar large, and is the subject of on-going research.
Thete are many reasons given, some technical, some economic or sociological. These will not be discussed
in detail here, except as necessary to provide the context for specific practices being described.
Ridging. The use of ridging varies, depending upon location within the country and crop grown. Ridges
are used for crop associations of various combinations including maize, common bean, sorghum, cassava,
pigeon pea, and cowpea, but less often for peanut or sole crops of common bean or cowpea. Sweer pota-
toes may also be planted on ridges, but these ridges tend to be small in many arcas. At high elevations,
ridging is consistently used for Irish potato. Soil parent material may also influence the decision to build
ridges. Perhaps the most striking examples of ridging use on steep slopes are to be found around Palmiste
A Vin, where whole mounrainsides arc meticulously ridged and atmost continually cropped (Photo 1). The
soils in this area are derived from basalt and are highly susceptible to erosion. Stone is not readily avail-
able in this area and frequent cultivation of these steep slopes would not be possible without ridging or
other soil conservation measures.
Rock walls. The construction of rock walls is practiced in many parts of Haiti (photos 2 and 3). It is also
referred to as dry wall terracing, because no mortar is used and because it leads, over time, to the formation
of rerraces. Rock walls are constructed by first digging a shallow trench, ideally on the contour, and careful-
ly stacking rocks in such a manner that the wall is stable unless disturbed. The base is usually 40 10 80 cen-
timeters (cm) across, while the rop may be 20 ro 40 cm across. The downhill face of properly constructed
walls slants slightly into the hill, so as to increase stahility. Tillage and water erosion lead to the accumula-
tion of sail behind the structures, and thus the creation of terraces withour additional effort (Phoro 4). The
walls must be built higher over time as more soil is deposited behind them. Rock walls are advantageous in
many areas of the country where the bedrock is limestone, since rock is readily available in the field, and
rearrangement of this rock into walls leaves more room for crops to grow. However, due to the high labor
requirement to construct the walls, farmers in many areas appear reluctant to invest in rock walls without
subsidies. Rock walls also require some maintenance. In other areas, particularly on hasalt-derived soils, rock
is not as readily available and thus the solution is less practical.

A variation of rock walls are rock lines {(cordons de pierres), which are simply piles of rock arranged

on contour. Unlike rock walls, rock lines do not have a foundarion and are not carefully stacked.
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LONG-TERM EFFECTS OF SOtL CONSERVATION BARRIERS ON CROP YIELD ON A TROPICAL STEEPLAND 1% HMT:

Residue barriers. Rampes pailles, as they are called in Creole, are created dunng tield preparaton by placing
crop residues and other plant matenial in contour rows across the field as a harmier to eromion (Photo 30
“lmproved” residue barriers (rampe de puaille amdlionées), obramed by partiallv burvimg the resrdues, have been
promoted by development agencies. Although residue barriers are somewhat effective at retamimg soul. as eve-
Jdenced by some soil buildup behind them, they are only a temporany measure since they decompise over the
course of the season and have to be reconstructad in the next weason. Swanson ez al. (1940 obenvad that
“improved” barriers may even contribute to ension since the loose sonl wsed 1o cover the daed sarips of veg-
etation may be easily washed oft with the first rins. They are nevertheles popular in some areas bevawse of
the low labor requirement.

Grass barriers. Grass rows are occasionally planted along a contour for the combmed purposes of sosd con-
servation and livestock teed. Napier (Pennisetirn prurprrcuom) and Guatemala grass (Tapsacion boaan) are the
most popular species, because of their strong stems. Sugar cane may abo be used in this manner. Vetiver
{\etiveria granioides) has also been used for soil conservation. but because the roots are hanvested i south-
ern Haiti tor essential vils. development workers have been reluctant 1o promote 1t for sl consenanion.
However, systematic planting of grass rows across an entire hield for consenvanion pumposes i extremelhs rare.
More commonly, grasses may be tound as border plantings or along footpaths.

Contour_hedgerows. Hedgerows of fast-growing trees, espeaially Letcaona lencocephala, are increasingly
planted for soil conservation in cropped fickds (photos 6 and 7). The tree sead are dnbbled into small tur-
rows, resulting in average Jdensities of up t 20 to 30 plants per meter (mY. In some areas, hadeerows are evtab-
lished in conjunction with a contour ridee and ditch svstem or the trees are seaded adiwent to residue bar-
riers. Rows are trequently spaced 10 to 12 m apart, leaving wide spaces tor planting of row crops. Branches
are Laid at the base of the hedeerows to reinforce the barrier ettect (FPhaoto 8). Livestack are often allowad 0
graze the hedeerows during the dry season, or the feaves are cut and camied to fead the anmals. ol aeeu-
mulates behind the hedgerows, providing an area of improved soil condinons immediarely uphstl trom the
hedgerows (Bannister and Nair, 1990), but the upper parts of the allevs continue 1o erade and degrade.
Although tarmers were advised to apply the leaves as green manure when hadgerows were infrodiced by
PADF in the early 1950, this pracrice was seldom followed by fammers (AL Rannuster, pesonal communsca-
tion, 2003).

Contour alley cropping. Alley cropping was proposed in 1990 as a madification of the contour hedgerow

system because of the need to hale the foss in il tertility and improve crop vields. Lewcacna hedgerows are
planted 4 10 6 m apart on the contour, much as they would in the contour hedgerow syatem, but mstead of
feeding the leaves to livestock, the leaves are applied 1o the soil & green manure or mulch (Kang erad |, 195842
Although not widely practiced, it has since been promoted by PADE Js use by farmers was documentad n
surveys conducted as carly as 1993 (Pierre e al., 1996). Farmers who practiced alley cropping in southem
Haiti report improved vields and less anoft trom hillsides {Photo 9Y. The adoption and mantenance of alles
cropping hedgerows by farmers in southemn Haiti was studied by Bavard {20007 and 1« the subgect of o tuture
Soil Management CRSP report.

Perennial ¢crop barriers. The concept of perennial crops as conservation barriers, dubbed hann marge by tarm-
ers, was proposad following on-farm surveys by a multiadisciplinany team, hecare of reservations they had
with respect to the potential adoption of alley cropping and resistance by some famiers to leucaena (Swanson
etal., 1994a,b). Crops vany depending upon the region, but may include true perennials and long-teom annu-
als, such as plantain, banana, malanga (Xanthosoma), sugar cane, pineapple., casava, ete. The crops fomung
the barrier cover an area at least 1 moacross {Rannister, 2001 In areas where it has been tevall o6 repont-
od to be more readily accepted than alley cropping, but the proviaon of soading matenal ot some of the hich-
value species may have played a role in this preference. These systems have not been adequately tesred and

appropriate management practices have not been worked our.
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Support to Soil Conservation by International Assistance Programs
In Haiti, non-governmental agencies, many funded by USAID, have played a dominant role in agri-
cultural extension. It is useful to note the changing trends with respect to support for soil and water conser-
vation.
Phase 1 - Rock Walls
Raock walls were a popular method of soil conservation from at least the 1950s through the 1970s

(Smucker, 2002). Major extension efforts were supported with Food for Work programs funded by USAID.
An example of successtul programs in which use of rock walls for soil and water conservation has become a
sustained component of the farming practices may be seen in the area of Fore Jacques in the mountains south
of Port-au-Prince. There, Food for Work was utilized by rural development programs operated by Church
World Service/Service Chrétien d'Haiti and other groups to subsidize rock wall construction in the 1960s
and early 1970s. Thirty years after the program was suspended, rock wall terraces are an integral part of the
rural landscape. Although not fully implemented in all cropped fields, rock walls cover a majority of cropped
fields and are maintained as needed.

Another location where rock walls were successfully introduced was at Haut Cap Rouge, near Jacmel,
where “a major portion of several watersheds were covered with a combination of rock walls, vegetative strips
and fruit trees” (Villanueva, 1993, p. 16). This was achicved with support from the Agricultural
Development Support 1l Project of USAID. It is not clear whether payment was made to tarmers to con-
struct the walls. A visit by Dr. Villanueva to Haut Cap Rouge in 1993 confirmed that farmers continued to
maintain these rock walls.

Despite these successes in the promotion of rock walls for soil and water conservation, the widely-held
view by Haitian agronomists and many expatriate development workers is that farmers will construce rock
walls when encouraged or paid by projects to do so, but once the project has left the area, the pracrice is
abandoned (Pierre-Marie Basquiat, personal communication, 1998). A study on the adoption and mainte-
nance of rock walls by farmers in the Fort Jacques area was conducted by Bayard (2000) and is the subject of
a future Soil Management CRSD report.

Phase 2 - Tree Planting

An assumption commonly held by the Haitian public and by expatriate development workers alike is
that excessive soil erosion in Haiti was caused by cutting down the trees. Therefore, the solution to com-
bating soil erosion is to plant trees. This simplistic relationship scems to have driven the creation of com-
munity-hased tree planting projects in the 1980s. The Agroforestry Outreach and Agroforestry 1l Projects,
funded by USAID, distributed more than 63 million trees between 1981 and 1991 for planting by individ-
uval farmers on their land (Smucker and Timyan, 1995). Part of the success of these projects lies in the fact
that trees were promoted as a cash crop, rather than strictly for their environmental benefits (M. Bannister,
personal communication 2003). In these social forestry projects, trees were not planted in forest plots, but in
fence rows and scattered across fields planted to annual crops. Recent experience in Honduras suggests that
this is a good means to protect the soil against landslides. However, it does little to protect the soil against
surface runoff, since the soil surface is cleared and tilled for crop production and individually spaced trees
provide little barrier to slow runoff and halt soil erosion.

The fallacy in the commonly held views on soil erosion and environmental degradation is that the tree
cutting itself is not the major cause of environmental degradation in Haiti. Under normal logging conditions,
when trees are cut, undergrowth vegetation and new tree seedlings quickly reestablish ground cover and nat-
ural succession leads to reestablishment of a forest canopy. Although there would be a relatively short peri-
od during which some surface erosion may occur locally before vegetative cover is reestablished, tree cutting

cannot explain the barrenness of many hillsides, expanding gullies, and increasing flooding danger now expe-
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rienced in many parts of Haiti. The problem is that natuml succession Jdoes not occur becase cropping, and
heavy grazing Jduring tallow, prevent reestablishment of vegetative cover. As susvested by Birgegdnd 1191,
deforestation cannut be sobved by forestry activities, but by stabilizing and improving aenculionad peoduction.
We could nor agree more. This paper addresses solutions to reduce soil eresion during the cropping phase.
By stabilizing crop vields and at the same time comserving soil, crop land will be Tess quickv abandoned o
clear additional kand.

Phase 3 - Contour Hedgerows

Concern that tree planting alone was not providing adeguate proteciion agamst eromion dad 1o the

introduction ot contour hedgerows on a small scale during the mid- 1953 - Agrotoreso Qutreach Project
(AODP). Disillusionment with rock walls Ted to greater interest in contour hedgerows of trees as 2 <oluton
the ol erosion problem. Hedgerows have the advantage of requinng less labor to extablish. The mont wide-
Iy used tree species is Lencaena beucocephala, which has the additional benetir of fixing substangial amounts
of nitrogen (N). However, the benetit to crops trom this nitrogen source s <eldom realized becawse most of
the leaves are ted to hivestock. Branches and stems are placad at the laxe of the hedeetow on the uphull side
in order to reinforce the harrier effect. Under AFIE(1939-1992Y and duning the carly vears of the PLUS proy-
ect, eftorts o promote hedgerow planting increased. Contour hedverows were abo planted By the A I
and Targeted Waternshed Management projects of USATD. Other ettorts includad the German asenay, GTZ.
an FAQ project ar Limbé, and muany private, non-vovermnmental agencies.,
Phase 4 - Marketing Based Approach

The marketing approach to soil and water conservation is based upon the preme that nurket torces,
rather than pure altruism, suide fanmer behavior with respect o land use management. By providing mar-
kets for so-called “environmentally triendby™ crops, it is proposed that farmers wall be induced o merease
their production of perennial, high-value crops instead of fow-value row crops, which expoese the sonl 1o eno-
sion. This approach, promoted by Agnicultural Economist ). (Zach) Lea, gamed favor in the late 199,
and appears to be a guiding principle in the new Hillside Agriculture Program of USANHY Alshough das
approach shows promise in terms of increased revenues to tarmers, any potential benefas of this approach
trom a sail conservation standpoint are ver to be documented. Secondiy, because this approach does not
address the need tfor sail and water conservation practices in the temaining hillide areas calovated 1o low-
value, staple row crops, it should be part of a4 more comprehensive soif and warer conservaton program.
Nevertheless, the nead, by tarmers, tor economic mncentives to adopr mmproved sl and water conservation
practices is a concept that mernits special consideration. especialiv i lizht of the expenmental resules pre-

sented in this report.

Yield Effects of Soil Conservation Practices

Although a vast hterature exists on the effects of <ol consenvation structures on reducing soil kws and
runoff, documented evidence of the effects of soil consernvaton practices are harder 1o obtan, Bogo (8920,
reviewing 20 cost-beneht strdies on effects of soil and water conservanion projects, limentad the Lk o
quantitative yiehl data on which o base the analvses: Siehert and Bebsky (1990 reported a bk of data on
the eftect of bench remaces on crop production. The asumprion seems 1o be that it <ol i ™avad” from boes
by erosion, it must increase crop vichds. That 1 not necessaridy ~o.

In on-farm rrials in Ethiopia and Entrea comparing ridee canal svsteme (fma par and bund svstems)
and grass barriers 1o raditional practices without conservation bamers, the conenanon prctices almost
invariably resulted in lower soil loss and runoft compared o the focal practice, but cmicant increases in
crop vield were not observed {Herwig and Ludi, 1999, Oy in arcas chissed as sub-humnd with "secure™ rame-

tall were the relative eftects of soil conservanion practices on viehd shown as positive trends. whereas at the
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semi-arid location and the sub-humid locations with “insecure” rainfall, the trends were more often negative.,
The lack of increased vields with soil conservartion practices was attribuced in large measure o loss ot pro-
ductive area due to the area occupied by conservation strucrure and topsoil erosion below the conservation
structures. In the case of fawa juu, where the soil from the canals is thrown onto ridges up-slope from the
canals, reduced productivity was also attributed to the deposition of less fertile subsoil over topsoil. Under
some conditions, additional area was lost above conservation structures due to water logging.

By contrast, Yohannes (1992) reported 15-47% higher harley yields in tields where Fanya juu was prac-
ticed than in fields with the traditional practice, consisting of ditches to evacuate excess water. Barley vields
were also 31% higher in fanyu juu ficlds compared to fields with level bunds. Within fanya juu fields, yields
were highest above the bunds and lowest immediately below bunds. Nevertheless farmers were resistant to
adopting fanyu juu technology as promoted, because of the loss of cropping area, insufficient turmning area
when plowing with oxen, and concern over erosion-risk of the drainage waterways.

Losses in up to 32% of cropping arca were reported on slopes of 20-50% in Indonesia due to bench
terraces on steep slopes, without compensating vield increases duc to the conservation practice (Siebert and
Belsky, 1990). In temperate central United States, maize yields on level rerraces were lower in each of seven
years, compared to yields on unterraced watersheds (Spomer et al., 1973). This lower yield was attributed
to a reduction in cropping area. The authors concluded that there was no economic benefit in the short
term, when considering only on-site costs and benefits. However, they did report that the terraced fields
became smoother and easier to farm over time, wherteas the unterraced fields becarne more difficult ro farm
over time because of gullying in the field. This suggests that over the long-term, the conservation practices
would be economically beneficial.

In an alley cropping system in which leucaena hedgerows occupied 25% of the land area, O'Sullivan
(1995) reported higher maize vields with alley cropping than without when no ferulizer was applied, but no
substantial yield benefit when fertilizer was applied. By contrast, Shannon et al. (1994} obrained similar yield
increases from alley cropping with leucaena regardless of presence or absence of fertilizer. Kang and
Akinnifesi (2000) showed higher maize yields, averaged over 12 years, when alley cropped than when sole
cropped, regardless of whether fertilizer was applied. By contrast, Mendoza Corrales and Cassel (2002) did

not record a benefit in yield of maize or bean due to alley cropping with gliricidia hedgerows over six years.

Comparisons of Various Soil Conservation Practices

Comparisons between mechanical barriers and biological barriers for their effectiveness against erosion
are not bountiful in the literature {Siebert and Belsky, 1990). In a comparison of several conservation prac-
tices in East Africa, grass rows had a low labor requirement, while fanya juu required the most labor (Herwig
and Ludi, 1999). The arass also drained better than the contour canal systems tested. The grass barriers
appeared to retain similar amounts of soils as the other contour canal systems, alchough runoff tended in most
locations to be slightly higher than with the mechanical barriers. However, grass barriers reduced crop vields
relative to the traditional practice in four locations and only increased yields in two locations. Nevertheless,
there seemed to be no strong trend with respect to its impact on crop vields relative to the contour canal sys-
fems.

On a 35%-slope in Indonesia, the arca available for production of peanuts was reduced by 32% by
hench rerraces, by 17% by grass bunds, and by 10% by grass plus Gliricidia bunds (Siebert and Belsky, 1990).
Grass barriers were at least as effective as bench terraces at reducing soil loss.

Garrity and Mercado (1994) reported that grass barriers of Penniseaum purpureum reduced maize yield
by 86% in the second year of a trial on a 15% slope. This was attributed to removal of nutrients in the har-

vested prunings and competition for water. Higher maize yields were attained by alley cropping hedgerows of
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Senna spectabilis or Glivicidia sepivon. Agus et al. (19990 reported that maize vields with Pernisetm prapuacion
were 26" of the control vields and rice yields were 79% ot the control, compared 1o 172% and 237%, revpov-
tively, for gliricidia hedeerows, four vears atter rree and erass rows were established. Addinon of & Likowrams
tkg) N ha't had no effecr on nice grown with Pennisenem and onlyv a small effect on maize grown with the
grass. The authors did not apply the grass clippings to the allevs.

Alley cropping on fand graded 1o C.4-0.3% had Q% less soil ks than that obsenvad with ploueh farm-
ing { Dharmasena. 1994). Graded bund tarming and stnip-mulch tarmmg with Miccuna s reduced wodd hes
by 33% and 84%, respectively.

Alley Cropping and Seil Erosion

Alley cropping with triple rows of Desmaditon virganon resulted in a 9%% reduction in sodd ks and a
73% reduction in munoff over three years oo a cly woil on a slope of 17% (Comua ctal.. 1994 Sl ko wae
insigniticant under allev cropping but 14 megagrams (tonnesY per hectare (Mye ha Y under mmadhional proc-
tice. Hedgerow plants were spaced 10 cmin rows and 40 ¢m between paired rows with S-mewade alfew.
Paningbatan et al. (1993} artributed this to the combined eftects of contour ndemg, the rermacmny eftect and
higher contact cover in the alley cropping treatments. Eighty-five percent of the reduction in ol ension
was due to the hedgerows, while 13% was due to soil application of the prunings. In a enal on o 2045% dope.
double rows of Gliricidia sepuon, spaced 0.25 m within and berween paired rows with 3-m allevs, reducad
runoff by 40-60% and sail crosion by 83% early in season and 77% at nud-seron (Auzustin and Nonchit,
1994). Ulsing prunings for mulch or to reintorce the hedserow barriers further reducad runoff B half and ero-
ston by up o an additional 35%. Ina pasture-fallow system, runoft as a percent of wa rantall was esomae-
ed at 31% with contour hedgerows of Lencaena diversifolia and mixed grasses spaced at 4- 1o 7-mintervals,
compared to 76% without hedgerows (Chandler and Walker, 1998} This difference i~ even more strikng
since the alley cropped field was on aslope of 33%, while the ficld without hedgerows was ona Jope of W%
Barriers consisting of paired rows of Gliricidiar sepitrm and Penisenon rarprarciem reduced ol enmson s by 67
and 77% on Oxisols with slopes of 22-30% (Agus et al., 19998). Kiepe (1996) reported a 95% rediction in
soil erosion with alley cropping ona F4Y% slope. When the prmings were not applied to the ~onl sord ks was
reduced by 93%, but mulching withour o tree barmier only reduced sonl ersion by 83%0 In anaother sawdy on
a 26% slope. OSullivan (1983Y applied the Univeral Soil Loss Equation (USLE)Y o estimate that alley crop-
ping with leucaena reduced soil ervsion by 60%. Similar reductions were estimared tor zero tlhase. Adley
cropping in the Amazon basin of Penu reduced soif hoss from 33 megram per hectare per vear (Me ha By
1Y with two annual crops o 09 Mg ha't v, a 958% raduction, on a 13- 20% dope (Alesre and Casel, 1996),
Aliev cropping with gliricidia in Nicaragua reduced ninoff and sediment loss by 13% and 14%, nepecovely,
ona $H% s]npc and l‘\' 33% and 3% ona Te Siﬂ]’\‘ (i\"t’“di‘:ﬂ Comales and Cassell 20020

Alley Cropping and Sustaining Crop Yield

Alley cropping has been shown to stabilize crop vickds over nmwe (Kang. 1993; Athow ez ol 1999 and
w increase vields on degraded soils (Aihou et al., 1999; Shannon et al. 1994). Rice vields dechned vwver toar
vears in contred plots without tertilizer application, but increased over the same penad m contour alles crop-
ping plots with gliricidia hedgerows (Agus et al., 1990 With ferulizer application. there were no dister-
ences in rice viehds between the no-barrier control and alley cropping plots wath elinadia hediserows o
mixed harriers of ghincidio with cither of the grases, Pemusenon parpurcum o Paspaion compegacion. With
maize. the viekd trend was consistently in favor of higher vields for contour allev cropping with choda
hedgerows, but the ditterence with the control was sigmbicant in one <ea~n with fermdizer and i we e
sons without fertilizer. Yields berween hedeerows containing Ponisertom were generally lower than between

eliricidia hedgerows.
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Grass Barriers

Grass barriers, nearly abandoned as a conservation practice in the United States with the availubil-
ity of bulldozers to quickly establish terraces, are the subject of renewed interest, due to their lower cost,
and their ability to promote infiltracion of surface water, rather than evacuating it. Grass barriers concen-
trated flows, thereby trapping sediment and reducing the chance of failure during large rains, compared to
earthen structures (Kemper et al., 1992), Coarse-stemmed vetiver (Vetivera zizanioides) and switchgrass
(Panicum virgatum) were effective ar trapping sediment hehind them, whereas finer stemmed grasses
(Miscanthus sinensis and Festuca arundinacae) were less cffective (Meyer et al., 1995). This occurred pri-
marily due to ponding. The finer grasses cirher were over-topped by the water or parted, allowing the water
to pass through.

Barriers containing Penniserum did not generally have a beneficial effect on yield, and barriers con-
sisting uniquely of Pennisetum depressed yields of maize and rice (Agus et al., 1999b). Agus et al., (1999a)
attribured this to depletion of soil magnesium (Mg), potassium (K), calcium {Ca), and phosphorus (I} by
removal of grass prunings from the plor. Soil nutrient status remained unchanged in alley cropping plots
with gliricidia. Samsuzzaman et al. {(1999) reported a depression in crop yield in association with
Pennisetum and a more rapid depletion of organic C, N, and I’ when compared to alley cropping with Senna
siamea or Gliricidia sepium. On a 40% slope, barriers of clephant grass (Pennisetum purpureum) and imperi-
al grass (Axonopus escarparias) reduced cassava yields by 77% and 26%, respectively (Howeler, 1991).
Elephant erass and vetiver (Vetivera yiyaninides) barriers reduced cassava yields at four sites in Colombia
(Lethner et al., 1996), with greatesr vield reductions usually ohserved with elephant grass.

Rock Walls

In a study of existing 10-year old rock walls in farmers’ ficlds compared with adjacent cropping areas
without rock walls, Toness et al. (1998) reported a reduction in runoff from 5.4% of total rainfall to 2.1%.
Because sedimenr had caollected to the top of the rock walls, there was not a significant difference in soil
toss, which averaged 1.66 Mg ha'!,

Objectives

As our literature review has shown, the effects on crop yields of soil conservation barriers on steep
slopes has not been adeguately studied, and the results available do not consistently show higher crop
yvields with the adoption of these conservation practices. This is an important issue because farmers are
often assumed to be lazy or irresponsible for not adopting conservation practices that would “obviously”
be beneficial to them, and development agencies are often assigned blame for achieving poor adoption
of conservation practices by farmers. If, however, adoption of conservation practices does not substan-
tially increase crop yields in the short or medium term, then farmers’ tailure to adopt might bhe maore
understandable, even if undesirable in the long run. Secondly, if the economic rerurns from installation
of conservarion barriers do not compensate farmers for the installarion and maintenance costs, this
needs 1o be taken into consideration in the extension strategy adopted by development agencies. In
designing this research, we wanted to know how alley cropping between tree barriers compared to the
more traditional conservation barricers used in Haiti in terms of long-term crop yields. Qur hypothesis
was that alley cropping (between leucaena barriers), which is a system designed to sustain crop yields
through recycling of plant nutrients and additions of organic matter and N, would sustain crop yields at
a higher level than rock walls, contour canals, or grass rows. Secondly, we hypothesized thar addition of
a modest fertilizer would result in additional benefits.
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DESCRIPTION OF EXPERIMENT

The trial was conducted ar Bois Greffin, Pernier, approximately 3 kilometers (km ease of Périon Vifle.
Annual minfall recorded over an eight-year-period averaged 1,315 millimeterns (mm). with a range of SR00-
L811 mm. The raintall pattern i bimadal, with mins occurring trom Late Februany untl earhy June and trom
August through November. The rwo seasons are separated by ashort dry spell trom mid June to msd Auguse
and a longer dry season lasting from late November to mid Febranye. This rantall distnibution pattem per-
mits two maize crops a vear. Based upon average minkall, the sre may be considered intermadiate in terms of
the ringe in ramtall condivions within which alley cropping i+ expectad o be procticed in Hann: However.
Jue to the erratic nature of riintall, the shallow soif with low water storwe capacin, a steep slope, and heot,
dryving winds, the site was much more drought-prone than would he wegested by annual raintall rotals
Farmers in the area had abandoned maize production for sorghum or imgated vepetable crops.

The elevation is about 240 m above sea level and the mean annual temperature 1+ 27,57 Centgrade
(C). The =il is a fine, mixed sohyperthermic Lithic Eutropept (Guthrie et al, 1993 over limextone badrock.
It hias a dark brown gravelly clay loam surface horizon with @ pH of 8.0 over a dusky red clav Bhonzon. Depth
to bedrock varies but is generally shallow. The site has a north-tacing <lope of 23-30%. Pre-exsting stone
walls resulted in terraces with slopes 17-21% at the start of the experiment. These slopes eenerally moderat-
ed over time, because of sotl relocation within plots.

During the kast three vears prior to establishing the tial, carrot (Daaaes caror) and s bean
(Phaseolus lunanuis) were planted in the second season following a pasture fallow in first season. In paoe veans,
maize (Zea mays), casava (Manihot escrlenta), and pigeon pea (Cagmnig cagm} were plantad in the firsg ramy

season, followed by carrots and sweet potato (Ipomea batatas) in the s<econd season.

Site Preparation

Trial lavoutr was a major undertaking owing to the rough terrain, comprised of many outcroppings in
a shallow soil on steep slope and existing rock walls i pares of the ficld. Tlos of 8 moup and down hill and
7.5 m along contour were laid out in the tield in fate April 1991 Care was taken o avord outcroppings or
very shallow soil within the main plot area, particularly the harvest arca. The upper limar of the plots was
determined by the presence of a rerrace wall or outcropping. The lower imir was placed at least 1.3 m tom
the edge of the Tower stone wall, it vne was present, except tor two plors where 1 mwas allowed. Where
not enough space was available, the lower rerrace wall was displaced and o1l was tillled in behund the new
wall. Where no wall previousty existed, a wall was built bur no till was added. Where Liree houlders wene
present within the plot, these were removed. In some plors where bedrock within 10 ¢m of the surtace
could not be avoided, the bedrock was chipped away to allow at least 28 am o soal at the adues of the plors
and considerably deeper in the harvest areas.

The locarions of conservation structures were marked out in cach plot wpanately, using a line level
to locate the strucrures along the contour. Two rows of 7.5-m long were spaced 3 moapan, determininge
the same time the upper and lower borders of the plot. A third row was located between the other tae,
leaving allevs of 4 m in the upper and lower parts of the plot. Where the cutade contour ines converaed
or Jiverged because of variations in slope. the upper and fower rows were adjusted ro 4 m above and below
the central row. Contour was determined tor cach plot sepanatehy, resulting inirrepular ficld Lvout. Ploes
were grouped into three blocks based on position on the slope and other visible sl characteristios. such
as color and extent of stone fragments in the soil (see Appendix Figure ALY Detnds of the wte prepana-
tion and the establishment of different structures of soil conservation are presented in SECIHTY Aubem
PLUS Report No. 30 {Isaac et al., 1995).
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Experimental Design

The experimental design was a randomized complete block with three replications. The conservation
barrier treatrents were: 1.) control without structure; 2.) contour canal; 3.) alley cropping with hedgerows
of leucaena (Leucaena leucocephala), hereafter called “tree alone™; 4.) alley cropping with rows of Panicum
maximum, hereafter called “grass rows™; 5.) hedgerows of leucaena and P maximum, hereafter called “tree and
grass”; 6.) rock or stone wail; and 7.) alley cropping with leucaena and tertilizer, hereafter called “tree and

fertilizer.”

Establishment of Conservation Structures

Land preparation in plots with lecucaena hedgerows was carried out in the first two weeks of May
1991. A width of about 3C ¢m was deep-hoed with a pick and leveled with a rake. L. lexcocephala variety
K8 was planted for tree hedgerows on May 16, 1991. Seeds were scarified by cutting the rounded end with
a razor blade. Four seeds were planted per hill at a spacing of 0.1 m within rows. Seedlings were thinned
to one per hill at approximately six weeks after planting. Because of drought following planting, hand irri-
gation was applied on June 17 and 25, 1991, 2.5 liters per meter row to ensure survival of the scedlings
until the next rainy season.

Panicum maximum grass was planted 4 m apart on contour in September 1991 following deep tillage
as described above. Stem cuttings of approximately 15 cm long with two or three nodes were planted at a
20-cm spacing within row. Where leucaena was planted together wich grass, the grass rows were located
25 cm downhill from the leucaena hedperows.

The stone walls were laid our on contour in September 1991. Furrows were dug approximately 15 cm
deep to form a foundation, and the walls were constructed ro a height of approximately 25 cm above the
soif level at a width of approximately 30 cm. No mortar was used, and the structure’s strength was achieved
by careful positioning of the rocks and giving a back-tilt of the structure to counter the effects of graviry.
The walls were built up over time to keep up with soil accumulation hehind the walls.

The contour canals were established in mid-March 1993 after the first soil preparation prior to plant-
ing maize. Furrows of 30 cm in width (15 cm up and down of the corresponding line of hedgerow) were
dug to a depth of approximarely 25 cm. The soil from each canal was spread on both sides of the canal at
the start of the first cropping season. In subsequent cropping seasons, the soil from the central and lower
canals was redistributed respectively in the upper and lower parts of the plot. Maize residues were placed
into the canals. The canals were maintained in the same positions until Season 14, after which the posi-
tions of the canals were rotated in the plots seasonally in order to spread the benefits of crop residues
throughout the plots.

Hedgerow and Grass Management

The leucaena hedgerows were approximately 22 months old at the start of the experiment. Hedgerows
were pruned to a 50-cm height, beginning approximately ten davs before the first maize seeding, The prun-
ings were applied as mulch in the inter-hedgerow spacings, or allevs. The first pruning took place between
March 11 and March 17, 1993, on leucacna hedgerows of approximately 4 m in height. In subsequent crop-
ping seasons, the first pruning was made a few days prior to planting maize. During the first two seasons, one
more pruning was carried out 35 days later. Three prunings per season were carried out during later seasons,
with target intervals of Q, 30, and 60 days afrer planting of maize. The unpredictability of rainfall and the
demands of other rrials made it difficult to adhere strictly to that schedule, especially at planting time (sec
appendix tables Al and A2)). Timing of the third pruning often concided with or slightly preceded silking
by the maize.
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The grass was pruned at ground level at each cut and the prunings were apphied a~ mulch o the <ol
surface. During each cropping season, the it pruning took place approximately one dav pror o plane-
ing maize. The pruning trequency used tor grass species was the same as thar used tor lescaena hedacrows.

At harvest of hedgerows, prunings were divided into leaves, green sems less than 1 cm o diameter,
stems |-3 ¢m in diameter. stems greater than 3 cm in Jiameter, and pods. Fresh weighe of each component
was determined separately in the fichl. Samples of tresh bomass of cach component and leaves of P manx-
imum grass were oven-dried at 71O C for diy matter determination. Analvss of vanance was calcalatad

tor the rotal of cuts made during cach cropping scason using the Statistical Analvss Svstem (SASY

Maize Crop

Two maize crops per vear were grown. March plantings were harvested in June or July (it ceny ~ca-
son, of Season A) and August plantings were harvested in December (second rainy <cason; Seaon B
Initial start of cropping was to have begun in March 1992, but was delaved for one vear becasse of proy-
ect suspension due to political events. Approximately one month prior to the imina planting, the fiet <ol
preparation was made with hoe and pick and the plant residues lett on the sl surtace. In subsequent wa-
sons, the finst soil preparation took place approximately fifteen davs hefore weeding of manze. A second soil
preparation with a hoe was done on all plos approximately three days betore mance planting. In alles ploas,
harvested leaves and green stem biomass (referred o as prunings) were returmned o the soil sartace a
mulch. In subsequent seasons, residue from the previous maze crop was incorporated inte the <l with
the first soil preparation. Timing and dates of ficld operations are listed in Appendix Tables Al and A2

A local population of maize was seeded in rows spaced 8¢ cm apart and 40 cm withan row. Erghr eows
of maize were planted in the alley plots with leucaena or grass {(four in cach allevy and ten eows m the
stone wall, contour canal, and control plots, respectively (Figure 1) The hanvest arca war 3.3 m by S m
Three sceds were planted per hill. Fitteen Javs after planting, the maize was thinned 1o ene plant per hidl,
giving a population density of 25,000 plants ha'! in the alley-croppaed and grass plots and 3125 plants
ha'! in the other plots duning the tirst six cropping seasons. In the seventh scason, the maize was thinned
to two plants per hill, giving a density of 30,000 plants ha'! in the allev-croppad plots and 62,500 plants
ha! in the uther plots. In the tree plus tertilizer treatment, 23¢ kg of a 15-13-13 compound tertdizer was
applied to the maize in hill ar planting, giving approximately 37,5 ka N, 375 ke PO and 375 ke KO
ha'! during the first five cropping seasons. From the sixth season, 200 kg of a 20-20-1C compound terti:-
er was applied to the maize, giving approximartely 40 kg N 40 ke PO and 20 ke KO ha'i. In scasons 15
16, and 17, a basal Jose of 184 kg PO was applied to all plots. Nitrogen was not apphied 0 these wca-
sons. Also, beginning in Season 13, the number of rows of manze planted i the allevs of rock wall and
canal trearments were reducad from five to four. The position of the canal was alwo rotated seasonalle in
order to spread the benetits from the residues in the canals around the plots.

Weeds were controlled by means of machetes. Up 1o two weedings were camied out per season
depending upon the weed pressure. In seasons of extreme drought, onlv one weedie was camad out.

Maize was grown Jduring season A and scason B.

Observations

Maize plants were counted atter thinning and at harvest. Dara recorded at hanvest inchded ern
vield, adjusted 3% muonsture, percent ladging, number of cars hanvested, number of ternde plants per har-
vest area, matze height, and tresh weight of cams. Percent monture of harvestad gran was determinad by
means of A grRin moisture tester.

Soil samples were collected from the - to 3-cm, 3- to 18-cm. and 1 10 28-cm depths duning Lanuan
2000, tollowing 14 seasons of continuous maize cropping. The samples were analvzed tor onzane C and
total N via combustion with @ Leco CHN-&Y autoanalyer.,
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Figure . Schematic diagram showing plot layout and relative positions of conservation barriers (solid
lines) and maize rows (dotted lines).

RESULTS AND DISCUSSION

Rainfall Conditions and Crop Yield

Yields fluctuated greatly between seasons, largely owing to seasonal differences in total rainfall and
rainfall distribution (Figure 2). Seasons 15-17 are omitted from rhis and subsequent figures because of
changes in fertility management, but yield data are presented in Appendix Table A3. Complete crop loss
due to drought occurred in seasons 8, 9, and 15. Although rotal rainfall for the site averaged 1,318 mm,
the shallow soil depth, steep slope, high evapo-transpiration, and erratic rainfall distribution combine to
make this a highly drought-prone site.

An assessment of daily rainfall records reveal that drought stress was experienced in all seasons.
Seasons 2, 4, 10, 12, and probably 14 were characterized by insufficient rainfall during the critically impor-
tant tasseling period (Figure A.2). With the exception of Season 2, which benefited from residual soil fer-
tility, these seasons were characterized by yields under 1 metric tonne per hectare (Figure 2). Drought dur-
ing silking may explain the low average vields in Season 6, although rainfall also appeared to be inade-
quate during silking in seasons 7 and 13, seasons which had relatively higher average yields. Highest yields
were recorded in seasons 1, 7, 11, and 13. Rainfall appeared to be inadequate during grain filling in sea-

sons 1, 7, and 11, but appeared to be adequate during the critically important period of tasseling.

Yield Responses to Conservation Practices

Yields tested significant in all bur Season 3, which had drouchr episodes in the vegetative stage, at tas-
seling, and again during late grain fill, and Season 6, which had drought during the late vegetative stage and
during grain fill (Table A.3). In seasons 8, 9, and 15 no test was possible due to total crop failure. Highest

yields in the first season were recorded for the stone wall, control treatment without conservation practices,
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Photo 1. Ridging on steep sdope at Palmiste-a-\in.
Southeast Haiti. Crope included intercroppad
maize, sorghum, bean, cowpea, occasionath:
cassava and pigeon pea. Residues from previous
season are incorporatad inte ndges.

Phote 2. Rock walls are used for soil conservation
in areas with limestone bedrack. where rocks are
plentiful. This communin in Bannate. Southerm
Haiti, received assistance from USAID.

Photo 3. Rock walls are found more frequenth
where high-value crops are gremn. This phote
was taken near Fort Jacques, south of the capital.
Port-au-Prince. Vegetables are grown here o
serve the urban market.

Photo 4. Soil displaced by tiltage and water
erosion rapidlv accumulate behind rock walls 10
form terraces. These rock walls are kess than twe
vears old. Pernier, Hain.
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Photo 5. Residue barriers {rampes pailles).
Note stakes in ground to hold barrier. Most
residue barriers are not this tall or elaborate.
Nan Paul, Northwest Haiti.

Photo 6. This farmer in Bannate, Southern
Haiti, practices contour alley cropping with
hedgerows of Leucaena leucocephala. Prunings
are applicd to the soil and fed to livestock.

Photo 7. Hedgerows of Leucaena leucocephala
at Bannate, Southern Haiti.

Photo 8. Branches are placed at the base of the
hedgerows on the uphill side in order to rein-
force the barrier. Pernier, Haiti.
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Photo 9. Contour allev cropping with tree
hoedgerow barriers of Lescarna lewcooephala
Maize was fertilized in this plot. Season 14.
Photo 10. In trecfgrass harriers, growth of
Pantickm maximum grass was suppressed by vig-
orous growth of leucaena. Season 14

Photo 1 1. Maize rom uphill from contour canal
may suffes from drier soil conditions and rove
exposure as soif falls into canal.

Photo 12. Rock wall harrier in 14th season.
Note stunted 2nd missing plants bedown ok wali
due to shallow soil over bedrock.
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The effects of conservation barriers on maize after

17 seasons continuous cropping. All plots shown
received no fertilizer during the first 14 seasons
and a low rate of phospherus during seasons 15-
17. Treatments are:

Photo 13. Leucaena tree barriers (alley cropping).
Photo 14. No barrier control.

Photo 13. Grass barrier,

Photo 16. Rock wall barrier.
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and contour canal treatments (Figure 2). This was due in large part to the 20% loss in cropping arca i plos
with vegetative barriers. However, vields in the control and the physical harrier treatments rapidiv declined.
such that by the fourth season, these trearments ranked among the lowest vielding in the tnal. The grass bar-
rier treatment also gave declining maize vields over the finst foor scasons, whereas maize vickks in the three
alley cropping treatments containing keucacna trees remained stable or increased shightly ower the same pen-
od. The tree barrier alley cropping rreatment receiving a moderate rate of tertilizer vielded highes trom the
third season onward. By the 137th and 14'th seasons, the two unferlizald allev cropping treatmenss sne
maize vields that consstently ranked higher than those asoctated with the remaining conservation bamers
and the control treatment. This ranking was maintainad in the scasons 16 and 17, when all plots necenved
an equal amount of phosphate terrilizer (Table AL3). Although the rock wall treatment did not differ sigmnat-
icantly trom the unfertilized alley cropping treatments In any @iven season, it consistently vielded les from
Season 6 through Season 17, With greater precision, as might have been achieved from a founth rephicate in
the trial, there can be little Joubt that these ditferences would have tesred signiticant.

In Figure 3, seasonal vartability is eliminared by standardizing vields 1o the conrral (no barrier) treat-
ment. Maize vields in the unfertifized alley cropping treatments ranked higher than the control in Seson
4 and from Season 6 onward, despite the lower maize density. An exception occurred in Season 12, where
the control treatments gave maize yvields higher than the unfertilized rree hedgerow treatments. Inthas sea-
son, there was a [6-day gap between first pruning and plantng, and the second pruning was cameed out
late, such that the interval between first and second pruning was 37 days (Table A2V T i< hkely that the
combined effects of drought and inadequate pruning regime contributed o compennion berween the
hedeerows and maize for water, as well as lighe and nutrients, resulting mn lower vields in the alley <ropped
plots than in the control. Similar problems in Scason 13, and to a lesser extent m Season T, mav explan

the similarity in viekds untertlized alley cropping and control (Figure 3 and Figure AL2Y

Maize Yield (kg ha-!)

1500

Seasons

Figure 2. Maize vields under various soil conservation practices over 14 seasons. Pernier, Haiti.
1993.1999,
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Comparing the four types of conservation barriers without fertilizer, tree hedgerows managed for
alley cropping provided a substantial yield benefit in three scasons, rock walls and contour canals in one
season, whereas grass, also managed for alley cropping, never out-yiclkded the no-barrier control. In Season
12, the control treatment gave higher maize vields than any of the barrier treatments. The control also
out-vielded alley cropping with tree barriers during the first three seasens. The fertilized alley cropping
treatment, not shown, out-yielded the control in all but the first two seasons.

Alley cropping with tree and grass, also not shown in Figure 2, gave similar results to that shown
for tree alone (Figure 2). In the initial seasons, there was a slighr advantage over tree alone due to addi-
tional biomass provided by the grass, but this advantage diminished as vigorous growth by the leucaen-
hedgerows suppressed growth of the Panicum maximum rows.

Average Yield Over 14 Seasons

In order to further simplify the data presented in figures 2 and 3, mean maize yields across all scasons
were computed for each treatment (rear bars in Figure 4). When averaged over all 14 seasons, including the
two seasons in which no grain was hurvested, only the treatment receiving ferrilizer gave higher maize yields
than the control. No yield advantage was shown for rock walls or contour canals, while tree or grass barri-
ers managed for alley cropping gave, on average, lower yields than the control. It thus appears from this
analysis that farmers will have no economic incentive to apply any of the soil conservation practices on

similar sites. However several factors must be considered. Firstly, the first maize crop followed a fallow peri-

Maize Yield as Percent

of Control
200 — Seasons
Cin a6 0O
E33 7 W1
o [T 10 14
150 — ]
10— :
50— = -
05 Z -

Tree Rock Wall Canal Grass

Conservation Barrier

Figure 3. Yield of maize with different soil conservation barriers, expressed as percentage of no-batrier control
treatment. Tree hedgerows and grass barriers were managed for alley cropping. Pernier, Haiti. 19921999,
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od of nearly two years, during which the primarily prass vegetation was allowed to grow with very bietle dis-
turbance by livestock. This is atypical of Haitian agricultural practices, where “fallows™ are verv heavilv
grazed, often to within centimeters of the soil surface, thus providing lietde apportunity for basldup of onean-
ic matter and nutrients in the soil surface. This is also evpical of conditions m many other denselv popu-
lated tropical steeplands. Thas the high vields recorded for control. rock wall, and contour canal treatments
during the first two seasons reflect, in part, soil tertility conditions that would not be representative of the
normal farm conditions under which soil conservation structures would he established. Abo. because the
tree hedgerows were nearly two years old at the start of maize cropping. they provided more competition
than would be normal. without the benetits of a buildup in tertility associared with the tree-based conser-
vation bammiers. By eliminating from consideration the tinst two seasons, which bus the results against the
tree barriers, the tree barriers without tertilizer mave slightly higher mean vields than the other consenva-
tion barriers and no-barrier control (trone row of bars i Ficure 4). The ok wall trearment gave a mean

vield similar to the control trearment and higher than the grass and contour canal harmiers.

How drought influenced barrier effects on yields

One of the detining characteristics ot the Pemier site in terms of plant growth i the high probabding
of drought stress within the growing scason. This is reflected in the low maize vields In only four seasons
Jdid treatment mean viekds surpass 1,330 kg ha't, while during six scasons, no treatment attained 1. ke
ha'! (Figure 2). Two of these seasons represented total crop failures, An examination of treatment viehds

Maize Yield (kg/ha)

200

Trees with  Trees and Trees Rock Walls Canals Grass Control

Conservation Barvier

Figure 4. Maize vields averages over 14 and 12 seasons for conservation barriers consisting of trees with ferul-
izer applied to the crop (T/F), trees and grass (T/G), trees, rockwatils, canals, grass, and no-harrier control.
Biomass from trees and grass were applied to alfevs. Pernier, Haiti. {993 1999,

23



[.ONG-TERM EFFECTS OF SoiL COMNSERVATION BARRIERS ON CROP YIELD ON A TROPICAL STEEPLAND IN HAITE

averaged over the best and worst seasons presents a different picrure with respect to treatment effects
{Figure 5). Seasons | and 2 were eliminated from the assessment for the reasons described previously.
Seasons 3, 5, and 14 were considered intermediate and omirted. During the six seasons for which drought
stress was the most limiting, especially during tasseling, alley cropping between tree barriers gave yields
equivalent to that of the control and rock wall treatments, and apparently superior to the grass and canal
barriers. If Season 14, which had drought towards the end of tasseling and generally poor rainfall (Figure
A2), is included among the worst seasons, then alley cropping averages 3% higher than the control and
32% higher than the rock-wall treatment. In the seasons in which rainfall was least limiting, the tree bar-
riers were clearly superior to rock, canal, or grass barriers, as well as to no barriers. Hence, at sites less
droughrt prone than Pernier, an outcome favorable to tree barriers may be expecred on a more frequent basis.
Addition of a moderate dose of fertilizer to the maize increased maize yields by 639% in the best seasons and

by 49% during droughty seasons, although the latter increase was insignificant in absolute terms.

Effect of Conservation Practices on Soil Quality

Soil organic carbon (C) is an important measure of soil quality or soil health, while N is important
to plant nutrition. Seil samples collecred from the O- to 5-cm, 5- to 13-cm, and 10- to 20-cm depths from
each plot following 14 seasons of continuous cropping provide an indication of the effect of conservation

practices on soil quality. Although mean differences for organic C at all depths and for N at the 10- to 20-

Maize Yield (kg/ha)
1600 — . Season Means
B sest 7.11.13)
1400 — Worst (4,6,8,9,10,12)
1200 —
1000 |—
800 —
600 |-
400 [~
200 —
o E . ;
Trees with  Trees and Trees Rock Walls Canals Grass Control
Fertilizer Grass
Conservation Barrier

Figure 5. Maize vields averaged over best and worst seasons, when grown with conservation barriers of trees
with fertilizer applied to the crop (T/F), trees and grass (T/G), trees, rock walls, canals, grass, and control
without conservation barrier. Biomass from trees and grass were applied to the alleys. Pernier, Haiti. 1993-

1999,
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cm Jdepth Jid not test significant by the F-rest, important trends did test significant in one degree of free-
dom (JD comparisons {see table). The lack of a signtficant F rest s in part relared o the low number of
repetitions in the trial.

Alley cropping with leucacna trees sustained ormanic C at higher levels ar the & oo 3- and 3- 10 10-
cm depths and N at all depths measured (see table). Application of fertilizer to the tree alley croppainge e
ment did not significantly attect organic Cand N except for a shighe Jecrease in N at the 3- 10 180om level.
Alley cropping without tertilizer resulted in higher onmnic C and N than did other conservation practices.
Alley cropping withour fertilizer gave higher soil organic C levels than Jdid grass bamiers, bat there were e
differences between alley cropping and rock walls or conrour canals for orvanse C. This imphies that erass
bartiers were less effective at sustaining soil organic C than were rock walls or contour canals. This wae not
anticipated, since grass leaves were retumed to the soil surtace when pruned, whereas the onlv Bomass
returned to the soil in the rock wall and canal rreatments were from maize stover and weeds. Perhaps the
lower amount of maize stover obtained with the grass rows compared to other treatments mav explain the
lower organic C levels in this treatment. Alley cropping withour tertihizer gave higher «onl N levels than
either grass or rock walls and contour canals. The rock walls and contour canals gave slighth higher sl N
concentrations than the conerol at the 3- o 1d-cm depth.

In summary, alley cropping using tree barriers was the conservation practice mest effective at main-
taining soil vrganic matter content and N content in the soil. Grass rows appeared to be less eftecove than

even rock walls and contour canabs at maintaining chese soil qualiey parsmeten.

Summary of Conservation Barrier Effects

The yield data presented in figures 223 represent complex, dynamic processes myvolving seasonal ditter-
ences in weather pattems, changes over seven years in soil nutnent status., changes in plant matuney, and spa-
tial changes in soil distiibution. The various barrier rreatments interacted ditterentdy with these vanows tactons

The treatments are illustratad in phots 9 - 16,

THE EFFECT OF Soi. CONSERVATION PRacTiCES oM Sow. OrGasic € ano Totaw N sy DertH (o)

! . Organic C Nitrogen
Conservation practice 05 5-10 1020 05 cm 5-10 10-20
% %

Tree plus fertilizer (alley cropping) 116 310 277 0.123 i3 0110
Tree and grass {alley cropping) 3134 308 303 0130 o123 0117
Tree (alley cropping) 3.07 3.10 2.95 0133 0123 0120
Rock walls 196 39 279 0.107 onz 0.10}
Contour canals 294 299 263 0110 o117 0.100
Grass row 281 263 263 0.1G7 0103 0.103
No barrier control 272 162 277 0107 0.107 0.103

Significance (F test) ns ns ns = * ns

LSD, o ns ns ns 0015 0014 ns

vy B4 28 113 72 67 123
| df Contrasts
Tree vs no tree = - ns - . .
Tree plus fert vs tree (no fert} ns ns ns ns 0.1 ns
Tree {no fert) vs no wree? * [N} 01 e b *
Tree {no fert) vs other
Conservation practice® - ns ol = . »
Tree {no fert) vs (rock, canal) ns ns ns - n y
Tree (no fere) vs grass * * ns s i ns
Grass vs (rock, canaf, cont) ns ns ng ns 0t s
Control vs {rock. canal) ns ns ns ns 0.1 ns

ns, *, ¥, = Not sraustically significant, significant at the 0.05, 0.0f, and 0.005 tevels of probability. respecovely.
*Control included.
bControl excluded.
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No Barrier

The yield of maize in the no-barrier control treatment declined by 68% during the first four seasons
(Figure 2), fluctuating around a mean yield of 500 kg ha'! for the remainder of the period (ignoring seasons
with total crop failures). The initial decline was undoubtedly related to the decomposition of organic mat-
ter and residues associated with the previous cover crop. The soil at the Pemier site has a CEC of 58 cmolc
kg! and an organic matter content of 10% (Guthrie et al., 1993), indicating a large reservoir of nutrients.
The uniform distribution of soil over the field provided the control treatment with some advantages over the
conservation barriers, as discussed below,

Grass Barriers

As with the tree harriers, the grass was regularly pruned, and the clippings applied to the soil, so as ro
recycle plant nutrients and to contribute organic marter to the soil. Maize yields with grass barriers were
consistently lower than with the no-barrier control (Figure 3), and were lower, on average, than with the
other barrier treatments. The 20% loss in area available to the maize crop explains much of this differ-
ence. Since the grass residues were not removed from the plots, nutrients taken up by the grass were recy-
cled. Despite this, organic matter and N was not maintained in the soil {see table). Had the grass leaves
been removed as forage, the nutrient status of the plots would have declined to a greater extent.

Competition from the grass appeared to be low, even during droughty seasons (Figure 5). The low
competition from grass may be attributed to the lack of vigorous growth on the part of the grass species used
in this trial. Panicum maximum is a popular forage bunch grass that grows to approximately 1 m in heighr.
It does not form the most effective barriers, because of its small stems, but was chosen instead of Penniserum
purpureum, more commonly used as a soil conservation barrier, because it was assumed that vigorous growth
and tall habit of the latter species would provide greater competition to the maize crop. Had Pennisetum
or another of the larger grasses been used as the conservation barrier, maize yields would most likely have
been lower than that obtained with P> maximum. Agus et al. {(1999h} reported that maize vields planted
with four-year-old barriers of Pennisetum purpureum were 26% of control yields. Addition of 60 kg N ha!
had only a small effect on maize grown with the grass. Howeler (1991) and Leihner et al. (1996) also report-
ed significant competition from Pennisetum. Although grass barriers may be effective for soil conservartion,
farmers should not expect a benefit in terms of yield of associated crop. For grass barriers to be economi-
cally viable, the benefit from use of the grass erosion control barriers would have to be grearer than the loss
in production by the associated crop.

Contour Canals

Unlike the grass trearment, the same population of maize was planted with contour canals as in the no-
barrier control. Despite that fact, only in Season 7 were maize yields in the canal trearment substandally
higher than that in the control {Figure 3), and this difference was not statistically significant. Averaged over
the best seasons, maize yields in contour canal plots were comparable to those with rock walls and slightly
higher than with no harrier, but during very droughty scasons, maize yields averaged lowest for the trial. This
was surprising, because one would have expected the canals to improve soil moisture status by trapping what
rain there was, and therefore should have given higher yields than the control and grass treatments.

One of the reasons for lower yields in contour canal plots than in the control plots was the fact that
the maize rows directly above the canals were apparently affected by seil movement into the canals, leav-
ing the maize roots next to the canal exposed (Phota 11). Although during the course of the season, soil
was gathered from the canals and thrown back onto the adjacent maize row, development of the maize
plants was affected and yields were lower in these rows. The control plots had uniform seedbeds and there-
fore were not subject to this problem. Another reason may have been the shallow soil depth. Contour
canals may be effective at trapping surface water and increasing infiltration, but on a shallow soil the water
holding capacity is limited and any benefit in terms of infiltration may be counteracted by increased evap-
oration from the extra surface area to which the soil is exposed.
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Rock Walls

Cinly in Season 7 did maize vields with rock walls subsrantially surpass thise of the no-bamer conurol
(Figure 3). That difference was not signiticant by the LSDY rest. As with the canal treatment, nuize seeding
densities were identical o that of the contrel, In Season 12, which was characrenized by droughe ar taseel-
ing and early silking, vield in the rock wall rreatment tested sigminicantly less than in the control. This
conrrary to what might be expectaed, since the terracing ettect and rock wall barriers should enhance reten-
tion of unoft. This can be expliinad by the shallow deprh o bedrock, which, with water and ullage er-
ston, resufted in exposure of bedrock at the extreme top of the allevs. The maize m the apper twe rows i
the allevs had very lirtke soil volume and hence was very vulnerable to drought (Phora 10V, Under adeguate
ramfall. these rows were able to produce, but under conditions of drought, most of the gnun was prodced
in the lower three rows of the plots. Thus, although rock walls were very eftective at sablizing sl over-
all, they did not increase maize vield ar Pemier, due to foss of cultivable arca.

Tree Barriers (Alley Cropping)

The trees were nearly two vears old, and had grown 1o a heisht of approximately 4-6 m poor o ire
pruning. Hence, when the trial was initiated, the vigoroushe-growing trees provided substannal compennon
for water and nutrients, while the benetirs trom soil application of the prunimes had not vet accried. Dunng
the first owo seasons, maize vields with the tree barriers were che losweest i che mral (Fizure 2. The 65% hns
in vield cannot be explained by the 20% reduction in plant numbers and mos be atsibuted pamanhy o
competition from the trees. However, while viekds during the fiest tour seasons Jechned in the control. rxck
wall, canal and grass plots, vields in the tree plos appeared to increase. In the thind season, tree hedgerow
pruning was increased trom two to three prunings per season, which, together with the cumalative benenies
of biomass applications to the sod, mav explain the apparent increase in maize vields in «casons three and
tour. During seasons most characterized by drought, the average vields with allev cropping of tree bamiens
were similar to those of the no-barrier and rock wall (Figure 3, whereas in the hest <easons the averase
vields with alley cropping were superior to that ot rock walls, canals and the no-bamier control. This imphies
that in areas where drought is common, alley cropping in tree hedgerows can be expected o give compa-
rable vields to those obramed with rock walls or no bamiers, but in areas where rains are rehable, hagher
vields may be anticipated with alley cropping. Photox 13216 illustrate the long-term supenony of alley

cropping with leucaena over other consenvation barriers.

Treelgrass Barriers (Alley Cropping)

The trend in maize vields with treefemass bamiers was similar to that obtuned with trees alone (fe-
ures 2 and 3). In the carly seasons, a slight vield advantage was recorded tor treeferass harmers over trees
alone. This Jitference is associated with a higher Fomass vield obtiined from teees and smass. bur the
difterence narrowed over time (Figure 1) as the productivity of the grass dectined over time. presumabhy
due to the shade from the associated trees (Photo 12).

Tree Barriers with Fertilized Crop (Alley Cropping)

Apphication of N-P-K terufizer had the greatest eftect on maize vield {ticures 2, 4. and 3% Onbe i the
tirst seazon Jid the control vield sigmiticantly higher than tertilizad allev cropping treatment. in the three best
seasons, fertilization in the tree barrier oreatment increased grain vield by an average of 350 ke ha

This sl is extremely low in P (Guthrie et al, 19953 and the high pH s s availabshing Bromas
applications do not provide sufficient T 1o swtain nunze production at a high level (Hagear coal, 191
Lupwavi and Haque, 1999}, Studies currently underway shouhd provide ntormanon on whether there 20
synergistic effect of biomass apphcation on P uptake i maize. Inastudv on an Aol in Congo alley crop-
ping and fertilizer ettects on vield were additive (Shannon er al. 1994, However, thais <ol did not have the

chemical properties associared with high P fixation.
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Fertilizer application by low resource Haitian farmers is not common on maize, although fertilizers are
used on high value vegetable crops. These results suggest that its application on maize may be economic in

areas of Haiti where rainfall ts adequate, particularly in conjunction with contour alley cropping.

SUMMARY AND CONCLUSIONS

In seasons when drought stress conditions were severe, none of the soil conservation practices without
fertilizer substantially increased maize yield on a total area basis compared to the no-barrier control. In sea-
sons where drought stress was less limiting {(and excluding the initial two seasons in the trial), tree barriers
(aliey cropping) without fertilizer provided 40% higher yield than no barrier, whereas rock walls and contour
canals provided 209% and 17% higher yield, respectively. In addition to higher yields, alley cropping was the
only practice that sustained crop vields over time. It also sustained soil N and organic C at higher levels than
did other conservation practices. Use of contour canals depressed yield in droughty seasons. Grass barriers
resulted in decreased vields under all conditions and had the lowest soil N and organic C concentrations.,
Fertilizer application in contour alley cropping substantially increased yield over alley cropping alone.

These comparisons are based on total field area. In all harricr systems tested, cropping area was even-
tually reduced. If yicld estimates are hased upon productive cropping area, the conservation practices com-
pare more favorably with the conrrol. It is also important to point out that these resuits were obtained on a
shallow soil under drought-prone conditions. On deep soils and also under more reliable rainfall conditions,
productivity in the upper areas of alleys or terraces would not have been reduced as dramatically as they were
on the shallow soil. Shallow soils are neverrheless common on mountain slopes in Haid,

[t is easy to see from this dara why low resource farmers are relucrant to invest in soil conservation struc-
tures on their own, regardless of the rype. Under drought-prone conditions, the economic benefit from a size-
able labor investment is likely to be negligible, at least in the short to medium term. Even in the best sea-
sons, soil conservation alone was not nearly as effective at increasing crop vield as was fertilizer application.
Pandey and Lapar (1998), evaluaring adoption of various conservation hedgerows in the Philippines, con-
cluded that without access to improved technology and better marketing infrastructure, farmers are not like-
ly to view soil conservation practices as cconotnically beneficial. They recommend that farmers shift from
subsistence to high value crops in order to improve the retumns to investment in soil conservation. An inte-
grated approach thart seeks ro increase economic output per unit land is more likely to result in successtul
adoption of soil and water conservation practices than by focusing solely on reducing soil erosion.

Reducing soil erosion is not sufficient to sustain crop yields on steep slopes. Soil erosion control should
be accompanied by efforts to improve soil fertility. For low resource farmers, contour alley cropping is the best
alternative among those tested for soil conservation on tropical steeplands, because it sustains soil organic
matter and N at a higher level and thus sustains crop yields over time, while also reducing runoff and soil
erosion. To sustain yields at higher than subsistence levels will require application of fertilizers to correct

nutrient deficiencies.
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Figure Al. Plot plan showing approximate lavout of plots and treatments in ficld in Pernier. Ha. The
block is indicated by the tirst digit in the plot number. T1 = no barnier control; T2 = contour canal: T3 =
tree alone; T4 = grass: T3 = tree and erass: T6 = rock wall: T7 = tree + tertilizer.
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Figure A2. Rainfall distribution patrern at Pernier, Hairi, and timing of planting (P} and pruning (Pr)
operations with respect to rainfall and tasseling (1) and silking (8) dates in the experiment.
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TasLe Al. TiMETABLE Of FIELD OPERATIONS ON HEDGEROWS AND GROWTH STAGE OF Mauze

Field operations Maze stages

Final Ist 2nd 3rd 50% 50%
Seasons Tillage Pruning Pruning Pruning Plant Tasset Sali Harvest
t 1993 I5-1972 H-17/3 26/4 24-2513 212855 25- 15-20:7
2 1993 2.9/18 16-18/8 299 25-26/8 22-28/i0 287101711 15-20012
31954 2812-23 9-11/3 13/14/4 10-11/5 1413 91475 12-20:5 7.87
4 1994 10-16/8 25-29/8 28-2919 28.31110 98 7-141 10-18/11 451
5 199§ 6-1072 2-6/3 5-6/4 15 773 15-22/5 18-245 67
6 1995 273177 21.24/8 29 20/10 24/8 242910 307106711 19-2L:12
7 199 9-1312 1-5/3 19/4 155 [4/3 9-13/5 15-20/S 16-187
8 199 5-13r8 23.27/8 279 2978 12-22:11 20-29/11
9 1997  10-1473 24253 &-715 2613
10 1997 1-6/9 3-719 23/10 8-9/9 192811 28/11-2112 1441
I 1998 162013 26-2713 675 4-5/6 2-3/4 20-28/5 26/5-6/6 22-24:7
12 1998 (I-14/8 th-14/8 8-9/10 10411 28/8 5-14/11 12-23711 22-23:12
I3 1999 15-192 26/2-2/3 §4-15/4 19-20/5 13 t0-19/5 18-271S 147
4 1999 16-23/18 19-23/8 219 26/10 24-25/8 162210 23.28/10 #1
IS 2000 24-2872 H-12/4 1545 13-14/4 62216 20-28 NeA
16 2000 17-22/8 238 219 26410 19 25/10-6/1 7-13:11 91
17 2001 1217/} 7-83 19/4 23/5 27-28/3 27/5-716 6-12/6 137
Note: Dates given as day/month. January harvests are in year subsequent to that shown.

TanLe A2. Tianc HEDGEROW MANAGEMENT OPERATIONS AND GROWTH STAGE OF MAIZE

WITH RESPECT TO PLANTING DaTE
Field operations Magze stages
Planting Ist nd 3rd 50% 50%

Seasons Date Pruning Pruning Pruning Tassel Selk Harvest
1 1993 24-25/3 -1t 3 61 &4 IS
2 1993 25-26/8 -9 35 61 &6 1H4
3 1994 13 -0 34 61 62 &6 9
4 1994 27-29/8 -2 3l &2 n 77 9
5 1995 7/3 -3 30 65 73 75 12t
6 995 13.14/8 -2 29 57 &4 71 118
7 19% F4/3 -1t 36 62 58 65 125
8 19% 29/8 -4 » 80 88
9 1997 26/3 -2 42 NA NA
10 1997 8-919 -5 45 76 a3 128
t1 1998 2-3/4 -7 34 &3 52 59 2
12 1998 288 -16 42 74 74 82 a7
13 1999 a3 -1 35 70 65 73 125
i4 1999 24-25/8 -5 28 &3 56 62 133
15 1999 13-14/4 -2 32 62 7
16 2000 1-2/9 -9 20 55 60 70 130
17 2001 17-28/3 -0 23 57 66 74 108

Note: When operations involve muitiple dates. value is mean of differences between start and finsh dates of each operanon.
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TasLe A,

PERNIER, HAITH 1993-2001
Cropping seasons®

THE EFFECT OF Soil CONSERVATION BARRIERS ON MAIZE GRAIN YIELD AT 13% MoisTUrRE OVER 17 ConsecuTIVE CROPPING SEASONS,

I 2 3 4 5 6 7 10 I 12 K] 14 16 17
Treatments 93-A 93.B 94-A  94-B  95-A 95-B 96-A 97-B 98-A 98-B 99-A 99-B  00-B OI-A
--- - . Kg ha-|--rmmmememeeeoos o e
Tree® and fertilizer 890 990 1,250 930 1,180 760 1,550 503 1,590 650 1,380 1,083 640 632
Tree and grass© 660 650 770 820 800 650 810 255 990 240 380 662 517 607
Tree alone 540 520 610 690 640 670 810 280 950 200 990 671 408 514
Stone wall 1,560 1,060 990 540 860 610 770 210 850 180 710 415 301 239
Control (no Structure) 1,520 1,160 940 490 860 620 500 248 830 570 630 508 268 402
Grass row 1,060 740 690 470 610 550 460 108 630 360 570 343 152 408
Contour canal 1,370 980 830 460 850 550 820 90 790 180 690 327 239 309
Significance (F test) * * * o ns ns * R 0.08 * 0.06 whE * ns
LSD, o5 580 350 370 230 410 340 480 150 510 330 340 309 238 367
CvV% 30.1 237 238 207 8.1 30.0 38 357 304 548 222 303 357 46.4
ns, ¥, B Not significant, significant at the 0.05, 0.01, and 0.005 levels of probability, respectively.
Notes: From Season |5 onward, P applied to all plots. In seasons 8,9,and |5, the entire crop was lost due to drought.
2 A = |st rainy season, Mar-Jul: B = 2nd rainy season, Aug-Dec/Jan.
® Hedgerows of Leucaena leucocephala managed for alley cropping,
© Rows of P. maximum. Prunings were applied to plots.
TapLe A4. ToTAL DRy WEIGHT Blomass MARVESTED FrROM TREES AND GRASS iN | 7 CONSECUTIVE CROPPING SEASONS, PERNIER, HAIT), 1993-2001
Cropping seasons? _
I 2 3 4 5 6 7 8 g 10 1 12 I3 14 15 16 17
Treatments 93-A 93-B  94-A 94-B  95-A 95-B 96-A 96B G97-A 97.B 98-A 98B 99-A 99-B 00-A O00-B OI-A
----- Mg ha-| s -
{Leucaena and grass)
Tree® and grass 21.02 4.54 4.09 2.99 216 477 350 252 31| 1.70 43% 478 349 371 26l 396 351
Tree alone 16.00 3.83 339 242 .76 383 291 195 236 109 422 422 2.84 3.42 2.13 3.03 2.64
Tree and fertilizer 16.35 407 383 2.49 L7 372 319 220 308 129 447 447 307 359 233 347 272
Grass® row 2.03 .41 0.94 0.62 045 068 059 047 037 037 0.18 018 058 064 0.74 0.8% 0.26
Signiﬁcance (F l:est) w0k sk ek Hekk s 3 Ak Aok Aoterke * sak skerk Aok A Aok e Aotk Hekk
LSD ¢ 5.89 099 094 060 04l .13 094 045 144 050 .06 098 0.54 0.64 0.70 0.61 Q.51
CV% 2].28 1432 1543 F421 1362 1736 1843 1267 3228 2242 1594 1392 1086 1123 1802 11.00 .13
{Leucaena biomass)
Tree and grass 20.61 437 396 274 193 435 3109 219 279 140 430 430 3.26 341 227 354 327
Tree alone 16.00 383 339 242 176 383 29| .95 236 190 422 388 2.84 342 2,13 303 2.4
Tree and fertilizer 16.35 407 383 249 170 372 319 220 308 129 447 445 3.07 359 233 317 272
Significance {F test) ns * * ns ns ns ns ns ns ns ns ns ns ns ns ns ns
LSD 6.23 031 041 060 060 150 109 036 177 066 .37 1.09 0.62 0.54 0.65 0.75 0.63
CvV % 15.58 331 4.8% 1046 1481 1669 1556 749 2852 2308 1399 1145 8.96 685 1276 10.18 9.60

ns, ¥, *¥ =% Not significant, significant at the 0.05, 0.0, and 0.005 levels of probability, respectively. a, b, ¢ footnotes: See above.

I1Lt1IvH NI ANVAH3I3LE TvDIdOd] ¥ NO d13:A d0HD NO SHIAIMEVYE NOILVAYISNOD 1105 40 S133443 WH3IL-9NCT]



6¢€

Table AS, Leaf Dry Weight Biomass Harvested from Tree and Grass Barriers in Seven Consecutive Seasons, Pernien_‘. Halti.m!993—200I.
Cropping seasons®

) 2 3 4 5 6 7 8 9 0 i 13 14 15 16 17
Treatments 93-A 93.B  94.A 948 95-A 958 96-A  96-B 97-A  97.B  98-A 98B 99-A 998 00-A  00-B 0l-A
......................................................................................... Mg T T SNV -
#Leucaena and grass)
ree and grass 381 2.35 2.2 2,00 1.77 3.10 2.34 1.7¢ 1.83 1.01 2,66 282 132 248 1.77 2.25 2.77
Tree alone 3127 1.89 1.82 1.54 [ 4t 2.33 1.84 1.19 1.26 056 2.35 211 1.85 2.28 1.38 1.73 2.03
Tree and fertilizer 119 2.10 201 1.63 1.35 229 1.92 131 1.62 0.67 2.53 238 1.00 238 1.52 1.77 2.09
Grass row 2.03 .41 0.94 062 045 0.68 059 047 037 037 0.8 0.94 0.58 0.64 0.74 0.89 0.26
Slgnlﬁﬂﬂnce (F test) ns ns L Ao A Lo L2 1) e ok £ L] ok W L2 L 2] ns A FEE
LSO, 169 080 074 049 028 06 069 043 0.61 016 050 060 038 0.63 0.57 0.42 0.40
vV % 2754 205 2121 1695 11.09 1452 2069 1827 2412 1249 1289 1460 11,23 16.25 2.12 12.80 11.18
{Leucaenc blomars)
Tree and grass 340 .18 210 1.78 1.54 2.68 203 1.39 1.51 0.70 257 2.35 209 2.18 1.43 1.83 2.52
Tree alone 327 1.89 1.82 .54 1.4 233 t.B4 .19 1.26 056235 2.1 1.85 2.28 1.18 .73 203
Tree and ferulizer ile 2.10 2.01 1.63 1.35 2329 1.92 1.31 1.62 0.67 253 2.38 2.00 2.38 1.52 1.77 209
Significance {F test) ns ny ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Lso,, 0.83 0.36 0.3% 0.51 041 o.rn 0.71 0.21 067 0.21 0.44 0.37 0.40 0.50 0.42 0.48 0.49
Cv% thts 7.78 7.88 13.71 i2.55 1393 16.24 696 2738 2139 1188 1082 895 9.75 (2.7 12.00 9.70
{Gross leaves)
Tree and grass 041 0.18 013 0.25 023 0.42 028 032 0.32 0.30 0.09 0.47 0.23 03 0.4 0.42 0.24
Grass row 207 1.4 0.94 062 (045 0.68 0.59 047 037 0.37 018 094 0.58 0.64 0.74 0.89 0.26
Significance (F test) ns ns ns ns ns ns ns ns ns n ns ns N ns ns ns ns
LSO, 326 1.34 11 068 023 096 3193 0.85 0.3 0.07 0.39 163 0.32 1.26 130 0.88 0.06
Cv% 7595 4868 59.08 443% (95) 4984 7279 6147 2518 606 9424 65.96 2227  76.00 4836

ng, " " Not significant, significant at the 5% and 0.5% lavels of probability. respectively, * A = st rainy seasan, MarJul: B = 2nd rainy season, Aug-Dec/fan,
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Treauments

Branches®

Tree® and grass®

Tree alone
Tree and fertilizer

Significance (F test)
LSD 45

CvV %

Large stems*®
Tree and grass
Tree alone

Tree and fertilizer

Significance (F test)
LSD o
Cv %

TABLE A6. BRANCH AND STEM DRY WEIGHT BioMass HARVESTED FrRoM TRee BARrriERs, PERNIER, Haii, 1993-2001

Cropping seasons®

| 2 3 4 5 6 7 8 9 10 ¥ 12 13 4 5 6 17
93-A 93.B 94-A  94.B 95-A  95.B 96-A  96-B 97-A 97-B 98-A 98.B 9%-A 99-B 00-A 00-B 0l-A
—————- Mg ha-1----oeeeeen
3.54 .57 1.03 080 0.38 1.20 1.01 0.78 110 0.69 | .47 1.84 1.16 .23 0.84 .17 0.75
2,60 1.48 09 Q.74 0.34 1.15 0.95 0.76 092 0.53 |.58 |.68 0.96 i.l4 0.74 |.02 0.60
261 1.48 109 073 0.32 |.07 }.09 0.86 I.16 0.62 |.68 1.70 1.06 1.21 0.8l 1.05 0.63
ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns
.10 0.22 0.14 026 .18 0.41 024 0.6 0.67 0.46 0.76 0.36 0.26 0.11 0.23 0.22 0.18
16.61 6.50 589 (514 2252 |5.98 10.35 894 2783 3316 2125 919 10.70 423 12,71 8.99 11.77
[2.90 0.62 083 0.19 0.01 0.47 0.16 0.02 0.18 0.00 0.26 0.1 0.01 0.00 0.00 0.54 0.00
9.94 0.46 060 0.14 0.01 0.35 0.12 0.00 0.18 0.00 0.29 0.09 0.03 0.00 0.00 0.28 0.00
10.31 0.49 0.74 013 0.02 0.36 0.18 0.03 0.31 0.00 0.27 0.19 0.00 0.00 0.00 0.36 0.00
ns * ns ns ns ns ns ns ns ns ns ns ns
4,38 0.08 035 0.09 0.03 0.35 0.22 0.08 0.48 0.22 .17 0.08 0.15
|7.48 685 2169 2529 10324 3976 63.63 23862 9621 3488 56.96 66,93 16.96

ns, ¥, #E Not significant, significant at the 0.05,0.01, and 0.005 levels of probability, respectively.
2 A = Ist rainy season, Mar-Jul; B = 2nd rainy season, Aug-Dec/jan.

b Branches = green stems less than | ¢m (diameter).

¢ Hedgerows of Leucaena leucocephala managed for alley cropping.
4 Panicum maximum. Prunings applied to plot.
€ Stems 1-5 cm {diameter).
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